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Abstract
The swordtip squid Uroteuthis edulis is a neritic squid species that is widely distributed within the coastal waters of
subtropical and tropical Indo-western Paciﬁc regions. This squid is a commercially important species throughout its
distribution range and plays a critical role in marine ecosystems. Stock assessments of the squid in the East China Sea
(ECS) are scarce, although it is crucial information for the sustainability of the squid and relevant ﬁsheries. The squid
was harvested by various ﬁsheries in the southern ECS, which could restrict methods for catch-effort standardization. In
this study, catch-effort data of Taiwanese swordtip squid ﬁsheries in the southern ECS between 2002 and 2013 were
standardized by the relative catch per unit effort (CPUE) comparison method to examine annual abundance variations of
the squid. The results revealed that the standardized CPUE of squid ﬁsheries was lower than the nominal CPUE series.
The standardized CPUE of the squid from Taiwanese torch-light vessels revealed slight variability between 2003 and
2009 and great inter-annual variations between 2010 and 2013. The effects of varying parameters on the relative power
factor estimates of the vessels are examined and discussed. This study provides an alternative approach of CPUE
standardization for swordtip squid ﬁsheries in the southern ECS and a relative abundance index of the squid, which
could support further stock assessment and management of ﬁsheries in the region.
Keywords: Swordtip squid Uroteuthis edulis, Squid ﬁshery, Catch-effort standardization, Fishing power, Southern east
China Sea

1. Introduction

T

he catch per unit of effort (CPUE) is the total
catch of a ﬁsh stock from a given ﬁshery that is
obtained by one unit of ﬁshing effort. The CPUE
value, typically assumed to be proportional to the
ﬁsh stock abundance, can be considered a relative
index of abundance for the ﬁsh stock and can be
applied to estimate the biomass using appropriate
models [1]. Nevertheless, ﬁshing effort may be
affected by multiple factors, namely temporal (year

and month), spatial (latitude and longitude), environmental (water temperature, salinity, current),
ﬁshery (ﬁshing vessels, ﬁshing gears and methods),
and biological (characteristics of target species)
factors [2,3]. Therefore, ﬁshing efforts should
appropriately account for these factors, and the
CPUE can be used as a relative abundance index.
The goal of standardization of a ﬁshery's catch and
effort data is to account for the relevant factors other
than changes in the stock abundance that may affect
catches. In contrast to a nominal CPUE, a
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standardized CPUE should more accurately reﬂect
the abundance of an exploited ﬁsh stock [4,5].
The typical approach for CPUE standardization is
to establish a statistical model of ﬁshing capacity by
examining potential inﬂuencing factors and correcting the individual CPUE based on this model
[6,7]. Commonly applied models are generalized
linear models (GLMs), generalized additive models
(GAMs), and generalized linear mixed models
(GLMMs) [8,9]. The application of statistical
methods for CPUE standardization has been performed for a number of ﬁsheries, and these methods
have been further applied to examine the effects of
environmental factors on the abundance of the
exploited ﬁsh stocks [10,11]. However, studies have
indicated substantial challenges in the application of
statistical models for CPUE standardization, namely
causing partial data losses, requiring a number of
explanatory variables, assuming error term distribution, and being uncertain of model selection
[11e14].
Relative ﬁshing power (RFP), however, is a
straightforward approach to compare CPUEs between pairs of ﬁshing vessels, which is known as the
RFP between ﬁshing vessels when ongoing assumptions have been fulﬁlled [15,16]. This method is based
on the assumption that the stock density is homogeneously distributed at a given spatialetemporal cell
(such as on a small area at the same time), and that
catches between ﬁshing vessels could, to a certain
extent, reﬂect each vessel's ﬁshing power [6]. The RFP
of each vessel can be estimated by a series of CPUE
comparisons with a standard vessel [15]. This method
is similar to that of mutual correction between vessels
[17], in which the RFP between vessels can be directly
estimated.
The swordtip squid Uroteuthis edulis is a neritic
squid species that is widely distributed throughout
the western Paciﬁc Ocean from the Sea of Japan and
East China Sea (ECS) in the north to coastal areas of
Indonesia, Malaysia, and Thailand in the tropics to
northern Australia in the south [18]. The squid is a
commercially important species and has been targeted by multiple ﬁsheries in coastal waters [19],
particularly off the coasts of southern Japan [20] and
northern Taiwan [21]. The production of neritic
squid ﬁsheries of Taiwan was approximately 6000
metric tons (mt) before 1990 and 8000e20000 mt
between 1994 and 2005. However, squid production
around Taiwan decreased to approximately 3000 mt
after 2010 [22].
The swordtip squid was harvested by numerous
types of ﬁsheries of Taiwan, namely torch-light (with
stick-held dip net), trawl, and gill-net ﬁsheries. The
locations of ﬁshing grounds on the southern ECS

shelf vary seasonally and might be inﬂuenced by
oceanographic conditions [21]. According to occurrence time and location of mature females, the potential spawning ground for the squid has been
suggested to be located between 25.5 and 26.5 N
and 121.5 e122.5 E, and spawned in spring (smallsized group) and autumn (large-sized group) [23].
Based on statolith microstructure analysis, lifespan
for the squid is approximately 9 months. Backcalculated hatching months occur almost yearround, peaking from March to April and from
October to November [24]. Two growth strategies for
seasonal cohorts of squid have been suggested: the
cold-water (winter) cohort that grows rapidly and
reaches a large size, and the warm-water (summer)
cohort that grows slowly and reaches a small size [25].
Additionally, the squid in the waters off southern
Japan have distinct size variations depending on the
season [26]. According to studies of spawning sites
and migration routes for the squid in the Tsushima
Strait [27,28] and off eastern Japan [29], the squid may
spawn near the southern ECS shelf and may be
transported north to the western or eastern coasts of
Japan [30e32]. An analysis of life-history traits of female squid near southern Japan and northern
Taiwan suggests a population connectivity between
summer spawning group in Japan and spring- and
autumn-spawning groups in Taiwan [33].
Nevertheless, studies of stock assessments and
abundance variations for squid in the ECS are
scarce. The standardization of catch-effort data of
swordtip squid from torch-light ﬁshing vessels
(TLVs) has been examined using GLM [34]. The
ﬁnal model included four factors (year, month, area,
and vessel) that explained 56.7% of CPUE variations
[34]. To ensure the sustainability of the squid and its
ﬁsheries, additional approaches to estimate the
trend of abundance from catch-effort data and use it
to manage ﬁsheries are essential.
In the present study, catch-effort standardization
for swordtip squid ﬁsheries in the southern ECS was
examined using a relative CPUE comparison
method. The objective of this study is to provide an
alternative approach to estimate the relative abundance index of swordtip squid, which can then be
used to improve stock assessments and ﬁsheries
management in the ECS region.

2. Materials and methods
2.1. Fishery data
Annual ﬁshery data were collected from the logbooks of 9e32 sampling vessels that harvested
swordtip squid in the southern ECS between 2002
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and 2013. Torch-light ﬁsheries, which typically
target squid seasonally, caught the most squid. The
range of chosen sampling vessels aimed to cover all
types of ﬁsheries that harvest swordtip squid.
However, the sampling vessels comprised almost all
TLVs after 2009, and they have a gross registered
tonnage (GRT) of 5e200 tonnages. The light intensity for the TLVs examined in this study ranged
from 4 to 50 kW.
Data recorded in the logbooks included vessel
registered number, operation date and geographic
coordinates (latitude and longitude), and the weight
of the catches (in kg). Sampling vessels occupied the
main ﬁshing ground of the Taiwanese swordtip
squid ﬁsheries in the southern ECS between 24 and
31 N and 119 e127 E (Fig. 1). The nominal CPUE
was calculated as the total squid catch (by weight)
divided by the number of vessels and operation
days (kg/vessel/day). The catch data were compiled
into a spatial grid of 0.5 by latitude and longitude
and a temporal unit of a day. To explore the potential effects of numerous ﬁsheries on ﬁshing
power estimates, the data were divided into two
datasets: all sampling vessels (ALV), which included
all ﬁsheries, and TLVs.
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2.2. Standardization model
RFP was performed to standardize the ﬁshing
effort of swordtip squid ﬁsheries in the southern
ECS [15]. This method assumes that within the same
area and time, squid are homogeneously distributed, and that differences in the catch (or CPUE)
between ﬁshing vessels can reﬂect their ﬁshing
powers [15]. The data process procedures simulated
those conducted in previous studies [15,16,35].
(1) Local power factor
The local power factor (LPF) consists of all CPUE
ratios for each pair of vessels located in the same
spatiotemporal unit (daily and 0.5 by latitude and
longitude). For each pair of vessels, the minimum
number of CPUE comparisons should be determined; the number was set to three in this study. To
minimize the effect of extreme values, the median
value of the CPUE ratio was considered as the estimate of the LPF between the two vessels [15]. The
LPF equation is as follows:


CPUEij
xik ¼ median
; j ¼ 1; …; n; n  N
ð1Þ
CPUEkj

Fig. 1. Map showing potential ﬁshing grounds (dash line) for swordtip squid ﬁsheries in the southern East China Sea.
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where xik is the LPF of vessel i relative to vessel k.
CPUEij and CPUEkj are their respective CPUE values
for the jth comparison (the spatiotemporal unit), n is
the total number of comparisons, and N is the minimum number of comparisons required to estimate
an LPF between the two vessels (N ¼ 3 in this study).
(2) Global power factor
The global power factor (GPF) is deﬁned as the
CPUE ratio between the standard vessel and the
other vessels harvesting within the same spatiotemporal unit. The standard vessel is deﬁned as the
most active vessel during the annual ﬁshing period
and has the highest number of CPUE comparisons
with the other vessels. The ﬁshing power of the
standard vessel is assumed to remain constant
during the ﬁshing period. Nevertheless, not every
other vessel can be directly compared with the
standard vessel. Therefore, a hierarchical comparison procedure was performed in this study.
Vessels that could be directly compared with the
standard vessel were assigned to level 1. For level 1
vessels, GPFs were the same as LPFs. Vessels that
could not be directly compared with the standard
vessel but could be compared with level 1 vessels
were assigned to level 2. The equation for GPFs of
level 2 vessels is as follows:
n
1X
½2
Xj ¼
Xi xij
ð2Þ
n i¼1
½2

where Xj is the GPF for vessel j at level 2, n is
the number of vessels at level 1 with LPFs in relation
to vessel j, Xi is the LPF (and GPF) of vessel i relative
to the standard vessel, and xij is the LPF of vessel j
relative to vessel i.
Furthermore, the CPUE comparison can be
extended to vessels at level 3 by using the equation
for vessels at level 2. The equation for GPFs for level
3 vessels is as follows:
½3

Xk ¼

n
1X
½2
X xjk
n j¼1 j

ð3Þ

½3

where Xk is the GPF for vessel k at level 3, n is the
number of vessels at level 2 with LPFs in relation
½2
to vessel k at level 3, Xj is the GPF of vessel j at level
2, and xjk is the LPF of vessel k at level 3 relative
vessel j at level 2.

thus on GPF [15,16,35]. In this study, two parameters
were explored the potential effects of varying the
values of the parameters on the LPF estimates.
These parameters include the minimum number of
CPUE comparisons (CPUE ratios) required to estimate an LPF between two vessels and the choice of
the standard vessel. The 2010 ﬁshery data, which
exhibited the highest number of sampling vessels
during the study period, were applied to examine
the effects of varying these parameters on the power
factors.
(1) Minimum number of CPUE comparisons
The criteria for the minimum number of CPUE
comparisons (N in eq [1]) inﬂuence the available
vessels (number of vessels retained) for subsequent
analysis and the selection procedure of a standard
vessel. The potential effects of minimum comparison criteria on power factor estimates were evaluated through two diagnostic examinations in this
study. To evaluate the effects of minimum comparison criteria on the GPF, 10 vessels were
randomly subsampled. Variations in GPFs for these
vessels were compared when the number of CPUE
comparisons varied between 1 and 10. To evaluate
the effects of minimum comparison criteria on the
information lost, the relationship between the total
numbers of available vessels (the amount of information lost) and the minimum number of comparisons were examined.
(2) Effects of the standard vessel
To explore the effects of varying standard vessel
on the GPF estimates, the top 10 vessels with the
most comparisons were chosen to be the standard
vessel. Thus, each vessel could be used to calculate
10 GPFs from the 10 standard vessels. The variations
of the 10 GPFs that were estimated from switching
between standard vessels were evaluated by the
coefﬁcient of variation (CV) for GPFs,
CVð%Þ ¼

SD
 100
mean

ð4Þ

where SD is the standard deviation of GPFs from
the nine trials of varying standard vessels. The
standard vessel was excluded for each trial.

3. Results

2.3. Parameter effects

3.1. Standardization model

The parameters in the standardization model may
have a substantial effect on estimates of LPF and

The annual sampling vessels for swordtip squid
ﬁsheries comprised numerous ﬁsheries between
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2002 and 2009 and mainly comprised torch-light
ﬁsheries between 2009 and 2013. However, TLVs
may also conduct other ﬁshing gears, such as poleand-line and gill-net, depending on the seasons.
The annual ALVs were between 12 and 32 vessels
from 2002 to 2013. The annual ﬁshing efforts were
between 681 and 3131 vessel-day, with squid catches
between 73.5 and 846.9 metric tons (t), and the
nominal CPUEs were between 86.8 and 336.1 kg/
vessel/day. The annual sampling vessels from TLVs
were between 9 and 32 vessels, and their nominal
CPUEs were between 84.3 and 378.3 kg/vessel/day.
The annual variations in nominal CPUE for TLV
were greater than those for ALV (Table 1).
For the ALV data series, the number of grids
occupied by the vessels ranged from 32 grids in 2007
to 68 grids in 2013 (Table 2). The number of vessels
that were standardized by the paired-vessel comparison method ranged from 12 in 2004 to 29 in 2010
and 2013. The number of vessels that could be
directly compared with the standard vessels (level 1)
ranged from 6 in 2004 to 20 in 2009. The proportion
of standardized ﬁshing vessels ranged from 50% in
2008 to 86% in 2010. The power factors calculated
over the years (between 2002 and 2009) ranged from
0.03 to 6.25. The annual variations of adjusted CPUE
of swordtip squid for the ALV data series were
similar to the nominal CPUE values, although the
adjusted CPUE values were usually lower than the
nominal ones (Fig. 2). The annual squid CPUE
increased between 2002 and 2005, decreased to the
lowest value in 2008, and then increased again.
For the TLV data series, the number of grids
occupied by the vessels was similar to that for the
ALV series (Table 3). The number of vessels that
were standardized by the comparison method

ranged from 9 in 2002 and 2004 to 29 in 2010. Among
them, the number of vessels that could be directly
compared with the standard vessels (level 1) ranged
from 2 in 2004 to 19 in 2009. The proportion of
standardized ﬁshing vessels ranged from 44% in
2004 to 90% in 2010. The power factors calculated
over the years ranged from 0.01 to 5.28. The annual
variations of adjusted CPUE of swordtip squid for
the TLV data series was similar to the nominal
CPUE values, and the adjusted CPUE values were
usually lower than the nominal ones (Fig. 3). The
annual squid CPUE was stable between 2002 and
2007, but large ﬂuctuation occurred between 2008
and 2013 (Fig. 3).
3.2. Parameter effects
3.2.1. Minimum number of CPUE comparisons
To investigate the inﬂuences of various minimum
number of CPUE comparisons on the power factor
estimates, ten vessels that operated in 2010 were
randomly selected. The power factor of each vessel
varied when the minimum number of comparisons
varied between one and ten (Fig. 4). Five vessels'
power factors remained stable when the minimum
number of comparison increased from one to three.
Eight vessels’ power factors remained constant
when the minimum number of comparison
increased from three to four. When the minimum
number of comparisons was six or more, the power
factors of ﬁve vessels remained constant. However,
the available vessels decreased when the minimum
number of comparisons increased. Thus, considering the consistency of the power factor and the
reduction of available vessels, the use of three
comparisons appeared a reasonable criterion for

Table 1. Basic information of sampling vessels for the swordtip squid ﬁshery in the southern East China Sea during 2002e2013. (ALV, all sample
vessels; TLV, torch-light net vessels).
Year

2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013

Number of vessels

Effort
(vessel-day)

Squid catch
(kg)

CPUE
(kg/vessel/day)

ALV

TLV

ALV

TLV

ALV

TLV

ALV

TLV

18
23
12
17
17
15
28
27
32
29
22
29

9
10
9
13
13
13
22
26
32
29
21
28

1020
1149
681
1506
1505
1370
2415
2957
3131
2694
1990
2520

660
741
573
1089
1140
1183
2020
2613
2972
2444
1886
2320

139626
259220
73500
333219
161894
200802
209565
446492
791520
550035
361084
846894

103361
156849
65292
247451
135353
178040
170367
446492
791520
550022
361084
846854

136.9
225.6
107.9
221.3
107.6
146.6
86.8
151.0
252.8
204.2
181.5
336.1

156.6
211.7
114.0
227.2
118.7
150.5
84.3
170.9
270.6
209.8
153.1
378.3
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Table 2. Standardization of the ﬁshing efforts for the swordtip squid ﬁshery by all sample vessels in the southern East China Sea during 2002e2013.
Year

2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013

Squid catch
(kg)

Data used
Vessel

Cell occupied

Level 1

Standardized at
Level 2

Proportion
standardized (%)

CV after
standardization

Range of
power factor

139626
259220
73500
333219
161894
200802
209565
446492
791520
550035
361084
846894

18
23
12
17
17
15
28
27
32
29
22
29

37
40
42
43
43
32
41
47
47
45
65
68

11
10
6
11
11
12
11
20
17
16
12
19

1
5
2
3
0
0
3
2
8
5
2
0

67
65
67
82
65
80
50
85
86
75
70
66

98.0
144.0
134.7
108.3
103.3
79.4
128.6
74.2
78.8
123.1
89.8
96.7

0.13e2.49
0.27e1.00
0.24e3.64
0.04e3.40
0.03e1.46
0.56e2.46
0.40e3.33
0.17e2.56
0.17e3.04
0.32e6.25
0.34e2.26
0.49e2.38

obtaining power factor estimate for pairs of vessels
in this study.
3.2.2. Effects of the standard vessel
The effects of varying standard vessel on power
factor estimates were examined using 2010 dataset.
Ten vessels with the highest number of operating
days were alternatively selected as the standard
vessel (Table 4). The CVs of the power factor estimates when varying standard vessels were lower
than 62% on seven occasions and higher than 72%
on three occasions. The results likely suggested that
the effects of varying standard vessel on power
factor estimates are likely limited.

4. Discussion
The CPUE, calculated from ﬁsheries data, is
considered a relative abundance index of the
exploited ﬁsh stock in a given ﬁshery [10]. It is a
critical abundance index that can represent a step
forward for stock assessment and for planning
management measures of ﬁsheries [7]. Nevertheless, CPUE values must typically be standardized to
remove the effects of variations of the catch rate
other than abundance changes to obtain a more
representatively abundance index for exploited ﬁsh
stocks [10]. The swordtip squid is one of the
commercially important squid species off northern

Fig. 2. Annual variations in the nominal CPUE (kg/vessel/day) and the standardized CPUE for swordtip squid ﬁsheries by all sample vessels (ALV) in
the southern East China Sea between 2002 and 2013.
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Table 3. Standardization of the ﬁshing efforts for the swordtip squid ﬁshery by torch-light net vessels in the southern East China Sea during
2002e2013.
Year

Squid catch
(kg)

Data used

Standardized at

Vessel

Cell occupied

Level 1

2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013

103361
156849
65292
247451
135353
178040
170367
446492
791500
550022
361084
846854

9
10
9
13
13
13
22
26
29
28
19
28

35
33
41
41
32
32
41
48
45
44
43
68

5
5
2
6
7
7
10
19
17
16
11
18

Taiwan, which is harvested by multiple ﬁsheries,
while is predominant by torch-light ﬁsheries [21].
Therefore, the abundance index of squid from the
CPUE standardization of ﬁsheries is complicated
considering the intrinsic features of numerous
ﬁsheries. In this study, the RFP method comparing
CPUEs for paired vessels was applied to standardize
the CPUEs of swordtip squid for ﬁsheries in the ECS
shelf. This method assumed that the CPUE ratio
between a given paired vessel could reﬂect the differences in ﬁshing efforts between the paired vessel
under the assumption that the stock density is homogeneous within a small area at the same time
[6,15]. The results suggested that CPUE standardization using the RFP method considering the effects
of varying parameters could be an appropriate
approach for swordtip squid ﬁsheries in the ECS
shelf. It could not only consider latent variations
among ﬁshing vessels but also provide an applicable abundance index of squid, which is essential
information for planning conservation and management measures of ﬁsheries.
4.1. CPUE standardization approaches
CPUE standardization for swordtip squid ﬁsheries
in the southern ECS between 2009 and 2014 has
been studied through statistical methods, such as
GLM [34]. Four factors, namely year, month, area,
and vessel, were included in the ﬁnal model, which
explained 56.7% of variations of the squid catch rate.
Annual variations in the nominal CPUE and standardized CPUE of squid revealed a stable trend
between 2009 and 2014. The effects of ﬁshing vessels
on the squid catch rate were examined through the
statistical method of CPUE standardization, and
intrinsic features, such as ﬁshing fear effects, for
distinct ﬁshing vessels were not properly accounted

Level 2

Proportion
standardized (%)

CV after
standardization

Range of
power factor

1
0
2
0
0
3
6
2
9
1
3
0

67
50
44
46
54
77
73
81
90
61
74
64

125.3
176.0
167.3
122.3
117.4
89.4
108.9
80.5
81.1
111.2
105.8
102.4

0.48e4.21
0.20e5.28
0.38e2.77
0.49e1.50
0.14e1.46
0.45e3.61
0.04e3.33
0.01e2.56
0.03e3.08
0.32e3.47
0.14e4.00
0.28e2.50

for in the standardization process. In this study, the
RFP method was performed for the CPUE standardization of swordtip ﬁsheries between 2002 and
2013. The results indicated that most ﬁshing vessels
(average > 65%, Tables 3 and 4) can be compared
with other ﬁshing vessels at a speciﬁc spatiotemporal unit (daily and 0.5 by latitude and longitude).
Additionally, the standardized CPUE revealed a
similar trend to the GLM-based standardized CPUE
between 2009 and 2013 when it was compatible for
the results of the two methods. A comparison of the
standardized CPUEs between the methods was not
conducted in this study, but analyzing the predictive
ability between methods when studying CPUE
standardization of the exploited ﬁsh stocks is
informative.
The swordtip squid is harvested predominantly
by torch-light ﬁsheries [21] that operate with the
assistance of lights. The swordtip squid may occur
in habitats that are speciﬁcally suited to them in
terms of temperature and salinity, and their movements may correspond with shifts in the Kuroshio
front [36]. The ﬁshing vessels typically forage for
potential ﬁshing grounds under speciﬁc oceanographic conditions and attract this squid using
ﬁshing lights. The ﬁshermen's experiences are not
described in statistical methods of CPUE standardization but can be addressed to a certain extent
through the RFP method [6,16,35]. In this study, the
RFP of each vessel was adjusted by the standard
vessel during CPUE comparisons for each paired
vessel. Substantial differences between vessels,
particularly in terms of ﬁshing gear such as torchlights and trawls, could be properly represented by
the ﬁshing power of the individual ﬁshing vessel.
Therefore, the RFP method can serve as an alternative approach to CPUE standardization for the
exploited ﬁsh stocks harvested by multiple ﬁsheries.
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Fig. 3. Annual variations in the nominal CPUE (kg/vessel/day) and the standardized CPUE for the swordtip squid ﬁsheries by torch-light vessels
(TLVs) in the southern East China Sea between 2002 and 2013.

Fig. 4. Variation in global power factor for each of ten vessels versus a standard vessel when the minimum number of CPUE comparisons increased
from 1 to 10.
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Table 4. Global power factors for the swordtip squid ﬁshery, calculated
using either one or 9 standard vessels, for the year 2010.
Vessel
number

1
2
3
4
5
6
7
8
9
10

Power factor
(obtained
using one
standard
vessel)

Power factor (obtained using
9 standard vessel)
Mean

SD

CV (%)

1.00
0.66
1.35
0.51
0.79
0.79
1.63
2.80
0.43
3.40

1.28
0.67
1.27
0.91
0.77
1.03
1.51
2.99
0.79
3.09

0.94
0.29
0.61
0.83
0.47
0.58
0.87
1.86
0.49
2.22

73.2
43.1
48.2
91.9
60.6
56.3
57.9
62.2
62.4
71.9

The proportion of standardized vessels was
greater than 44% (Tables 3 and 4) in this study,
which was 84.8%, 95.5% and 95.8% for bottom trawl,
Taiwanese squid-jigging ﬂeet (Illex argentines), and
Taiwanese Paciﬁc saury ﬂeet in previous studies,
respectively [15,16,35]. The low proportion of standardized vessels in this study could be a result of the
number of sampling vessels. Studies have usually
examined almost all ﬁshing vessels in the ﬂeet.
However, more than 70 vessels might be annually
engaged in torch-light ﬁsheries, of which the sampling vessels comprised a limited fraction (13%e
46%) of the ﬂeet. Low availability of vessels could
reduce the probabilities of paired vessel occurring
within the same spatiotemporal unit (daily and 0.5
by latitude and longitude), which resulted in a low
proportion of standardized vessels.
Catchability of squid ﬁsheries are potentially
inﬂuenced by several factors, such as biological
factors, environmental conditions, and ﬁshing
practices [37,38]. In this study, the RFP method of
CPUE standardization for the squid ﬁsheries were
used to examine the effects of ﬁshing practices but
excluded biological and environmental factors. The
squid ﬁsheries in the ECS mainly harvested neritic
squids, which usually composed of several loliginid
species and predominantly of the swordtip squid
[23]. Nevertheless, at least two seasonal cohorts for
swordtip squid have been suggested, which present
distinct growth patterns during their life cycles [25].
Thus, the squid catch rate could, to a certain extent,
be inﬂuenced by biological factors or environmental
factors, which should be taken into account in future
studies.
4.2. Effects of parameters in the model
The RFP method of CPUE standardization was
applied for the sampling vessels of swordtip squid
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ﬁsheries in the ECS in this study. Two parameters in
the RFP method, the minimum number of CPUE
comparisons and the choice of the standard vessel,
have been suggested for further examination
[15,16,35]. The criterion setting for the minimum
number of CPUE comparisons is a trade-off between
the available vessels retained and the tolerance for
loss of vessel data [15]. Studies have suggested that
10 CPUE comparisons for paired vessels could reach
stable power factor estimates for trawl ﬁsheries [15]
and Taiwanese squid ﬁsheries [16], and the number
of comparisons increased to 20 for Taiwanese Paciﬁc
saury ﬁsheries [35]. Considering the available number of sampling vessels in this study, three comparisons were selected as the criterion, resulting in the
standardization of 44% of vessels in the analysis
(Table 3). Although a greater number of CPUE
comparisons could result in more vessels reaching
stable power factor estimates, the number of available vessels retained was also reduced (Fig. 4).
A standard vessel should be determined through
the RFP method of CPUE standardization, which
was used to adjust the RFP of every vessel
throughout the ﬁshing season [6]. The ﬁshing power
of the standard vessel, typically the most active
vessel, is assumed to be constant throughout the
ﬁshing season. Nevertheless, varying the standard
vessel may inﬂuence the GPFs estimates [15]. In this
study, the CV of RFP estimates from nine standard
vessels were high (43.1%e91.9%). However, changing the standard vessels is likely to have limited
effects on the vessels' RFP estimates. The high variations among RFP estimates between the vessels
suggested that discrepancies in squid catches could
be partially affected by ﬁshermen's experiences.
However, limited effects from changing standard
vessels could suggest that the ﬁshing power, such as
equipment of ﬁshing gears, lights and vessel capacity, of vessels engaged in torch-light ﬁsheries
remained consistent throughout ﬁshing season over
multiple years.
4.3. Swordtip squid ﬁsheries in the East China Sea
shelf
The sustainability of a straddling and highly
migratory species, such as squid, require regional
cooperation in conservation and ﬁsheries management. Stock assessment studies in swordtip squid in
the ECS are scarce. The ﬁshery-dependent data,
such as catch and effort data from relevant ﬁsheries,
is crucial for providing a relative abundance index
for the exploited ﬁsh stock [7].
Two squid data series, i.e., ALVs and TLVs, were
examined in this study. The standardized CPUE for
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Fig. 5. Annual variations in the standardized CPUE for swordtip squid ﬁsheries by ALVs and TLVs in the southern East China Sea between 2002 and
2013.

the two data series revealed a similar trend between
2002 and 2009, which displayed a peak in 2005.
However, inter-annual variations were greater in
the TLV series than in the ALV series between 2010
and 2013, which displayed a peak in 2010, the lowest
value in 2012, and another peak in 2013 (Fig. 5). In
this study, information on the annual sampling
vessels was collected from multiple ﬁsheries that
harvested swordtip squid and volunteered to provide their logbook data. The sampling vessels usually varied inter-annually and largely depended on
ﬁshermen's practices and intentions. TLVs typically
targeted squid [24], except in the summer season
(MayeJuly) when some vessels may have targeted
bonitos in waters south of 26 N [34]. TLVs' squid
catches may be inﬂuenced by biological factors,
such as variable recruitments of seasonal cohorts of
squid [23,25], and ﬁsheries effects, such as potential
shifts in target species and ﬁshing grounds [34].
Therefore, future studies should examine potential
variations in squid seasonal cohorts and shifts in
ﬁshing grounds.
The standardized CPUE trends of squid from
TLVs demonstrated a stable and narrow interannual variability, although high inter-annual variations were found between 2010 and 2013. Although
the results of this study do not provide substantial
explanations for the recent decline in squid catches,
it provided an alternative approach to CPUE standardization for squid ﬁshery and a relative abundance index for the squid in the ECS. Furthermore,

annual abundance and distribution patterns of the
squid could be signiﬁcantly inﬂuenced by ambient
oceanographic conditions throughout its life cycle
on both large and local scales, which is a typical
feature for the short lifespan species and should be
considered in future studies [36,39].
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